Previous study suggested that low body weight was one of the risk factors of thrombocytopenia induced by linezolid in non-hemodialysis patients. However, there have been little investigations for the linezolid-induced thrombocytopenia in hemodialysis patients. This study was to evaluate the association between several factors of body size descriptors and thrombocytopenia in hemodialysis-patients. No factor of body size descriptors showed significant correlation with linezolid-induced thrombocytopenia (patients with thrombocytopenia vs patients without thrombocytopenia: body 
Introduction
Linezolid has a broad spectrum of antimicrobial activity against Gram-positive bacteria, including methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE) [1] . One of the major side effects of linezolid is myelosuppression, especially for thrombocytopenia. Takahashi et al. showed low body weight was one of the risk factors of thrombocytopenia induced by linezolid in non-hemodialysis patients [2] . In previous our study, hemodialysis patients exhibited significant higher reduction rates of platelet (PLT) count, compared with non-hemodialysis patients, although the incidence of linezolid-induced thrombocytopenia was equal between hemodialysis patients and non-hemodialysis patients [3] . However, there have been little investigations for the linezolid-induced thrombocytopenia in hemodialysis patients. Therefore, we researched the association between body size descriptors and linezolidinduced thrombocytopenia in Japanese hemodialysis patients to see if adjusted dosage amount with body size descriptors prevents linezolid-induced thrombocytopenia.
Patients and Methods

Patients
A retrospective study was conducted among hemodialysis patients treated with linezolid therapy (600 mg q 12 h) by the oral or parenteral route between January 2010 and July 2012 at Aichi Medical University Hospital (995 beds). All subjects were dialyzed with an APS-SA dialyzer (polysulfone; surface area, 1.5 m 2 ) or a FDX-GW (polyester polymer alloy; surface area, 1.5 m 2 ) for 3 or 4 hours and the flow rate of dialyzer was 150 -250 mL/min. Inclusion criteria were as follows: age of >18 years; adequate samples of blood or wound, urine specimens for microbiological culture, as indicated by clinical signs. Patients were excluded from the study if a period of linezolid therapy was less than 48 h. The study was reviewed and approved by the ethics committee of Aichi Medical University Hospital.
Data Collection
The blood sampling was performed at appropriate times from the start of linezolid therapy to 1 month after administration of linezolid. Nine variables: sex, age, body weight, duration of linezolid therapy, serum creatinine, estimated glomerular filtration rate (eGFR), platelet (PLT), albumin (Alb) and blood urea nitrogen (BUN) were analyzed as baseline before linezolid initiation. Thrombocytopenia was defined as >50% platelet count decrease from baseline. Body size descriptors (body weight, body mass index (BMI), ideal body weight (IBW), lean body weight (LBW), dosage amount and body surface area) were analyzed. BMI was calculated by dividing the patient's body weight in kilograms by the square of their height in meters [4] . IBW was calculated as followed; IBW = 22 × (height in m) 2 (kg) [4] . LBW, in kilograms, was calculated by the 
Statistical Analysis
Parametric variables were analyzed using unpaired t-test, while nonparametric variables were analyzed using chi-square test. A p value of <0.05 was considered as significant difference. Statistical analysis was performed with JMP, version 10.0 (SAS, Tokyo, Japan).
Results
A total of 68 patients were included in this analysis. And linezolid-induced thrombocytopenia was found in 40 of 113 non-hemodialysis patients (35%) in a period similar to this study (data not shown). There were not significant differences in the body size descriptors between patients with and without thrombocytopenia (Table 1) . Moreover, there were not significant differences in duration of linezolid therapy between hemodialysis and non-hemodialysis (Table 1 , Figure 1 ). When patients were categorized into 3 groups using 2 cut-off values (17, 22 kg/mg/day) of dosage amount, the prevalence of thrombocytopenia in each groups was not significantly different (Reduction rate of >25%; <17 mg/kg/day (69.2%), 17 -22 mg/kg/day (69.2%), >22 mg/kg/day (75.9%), p = 0.90: Reduction rate of >50%; <17 mg/kg/day (38.5%), 17 -22 mg/kg/day (50.0%), >22 mg/kg/day (44.8%), p = 0.84). While prolonged treatment duration for more than 14 days has been reported as risk factors for linezolid-induced thrombocytopenia [7] , the proportion of patients with thrombocytopenia did not show significant difference between patients with linezolid therapy for more than 14 days and patients with linezolid therapy for less than 13 days in our study (40.0% vs 45.3%, p = 0.87, Table 2 ). There were not significant differences in the body size descriptors between linezolid therapy for more than 14 days and for less than 13 days (Table 2 ).
Discussion
Hemodialysis patients exhibited a significant higher reduction rate of PLT count, compared with non-hemodialysis patients [3] . Prolonged treatment duration [7] , renal insufficiencies [8] , chronic liver disease [8] and lower body weight [2] have been reported as possible risk factors for linezolid-induced thrombocytopenia. Additionally, Natsumoto et al. showed that both higher daily dose (mg/kg/day) (prevalence of thrombocytopenia; <17 mg/kg/day (17%), 17 -22 mg/kg/day (34%), 22 -27 mg/kg/day (48%), >27 mg/kg/day (72%)) and elevated serum creatinine were significant risk factors for linezolid-induced thrombocytopenia in non-hemodialysis patients [9] . However, we usually administer linezolid with usual dosage (600 mg q12 h) to hemodialysis patients. Therefore, we investigated the association between several body size descriptors and linezolid-induced thrombocytopenia in hemodialysis patients. As a consequence, no factors of body size descriptors were the risk factor for linezolid-induced thrombocytopenia (Table 1 , Figure 1 ). Prolonged treatment duration was not the risk factor for linezolid-induced thrombocytopenia in hemodialysis patients, similar with the patients without thrombocytopenia. And the duration of linezolid therapy in the patients with thrombocytopenia was more dispersed compared with the patients without thrombocytopenia. However, When patients were categorized into 2 groups using 1 cut-off values (14 days) of duration of linezolid therapy, the prevalence in each groups was not significantly different (<14 days/≥14 days: patients with thrombocytopenia; 6/24, patients without thrombocytopenia; 10/28, p = 0.34). Some previous studies showed that linezolid was removed with hemodialysis. Brier et al. showed approximately 30% -50% of the administered dose of the drug was removed by hemodialysis, but hemodialysis patients had the higher concentration of linezolid than that of non-hemodialysis patients [10] . Despite of the decreasing daily dose of linezolid from 1200 to 600 mg at the start of treatment to prevent thrombocytopenia in a renal dysfunction patient, the concentration of linezolid in the serum was 11.5 μg/mL on 21st day of linezolid therapy, which was sufficient to induce thrombocytopenia [11] . Additionally, they reported that linezolid concentration was similar between the wound exudate and serum [11] . Therefore, we thought that thrombocytopenia in hemodialysis patients was associated with the accumulation of linezolid. In this study, there was not significant difference in LBW between hemodialysis patients with thrombocytopenia and without thrombocytopenia. The association between linezolid concentration in target tissue and serum with thrombocytopenia would require further investigation including measure of linezolid concentration. Additionally, one of the stratagems might be therapeutic drug monitoring (TDM) of linezolid to prevent thrombocytopenia. However, TDM of linezolid in many hospitals including our hospital is not the practical way we can conduct due to the cost. Therefore, we should monitor PLT count during the treatment with linezolid, and our data would be useful to decide the linezolid dosage regimen for hemodialysis patients in many practical settings.
However, several considerations should be noted when interpreting our results. The first, this was a retrospective analysis. There were no randomizations among two groups. The second, we did not measure waist, hip and serum triglyceride to reveal the health condition. Therefore, the clinical data in two patients requires further investigation.
Conclusion
In conclusion, no body size descriptors were involved in the risk factor for linezolidinduced thrombocytopenia in hemodialysis patients. Therefore, our data suggested that the daily dose of linezolid in hemodialysis patients needed not to be adjusted by body size descriptors. It's deemed desirable to administer the usual dose (600 mg q12 h) in hemodialysis patients.
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